The purpose of this study was to investigate the anthropometric features, and some biomotoric properties in young male and female swimmers. Furthermore, this study aimed to investigate the relationship between anthropometric and bio-motoric variables considering the gender differences. Eighteen male and seventeen female amateur swimmers (mean age = 13.4 ± 2.9 and 12.7 ± 2.2 years respectively) volunteered to participate in this study. All swimmers were member of the same team who had trained at least for 3 days in a week. The anthropometric features were evaluated by height, weight, skinfold thicknesses (triceps, biceps, pectoral chest, midaxillary, abdominal, subscapular, midthigh, suprailium, supraspinale, and calf skinfold thicknesses), breadth, and girth measurements, and body fat. The bio-motoric variables were limited with flexibility, squat jump (SJ), counter movement jump (CMJ), and handgrip strength. The results showed that there was no significant differences between groups for age, height, weight, skinfold thicknesses and ∑8 skinfolds (p>0.05). However, there was a significant difference between groups for body fat (p<0.01), humerus and femur breadth values (p<0.01), and for waist girth values (p<0.05). There was significant differences between male and female swimmers for investigated bio-motoric properties. The results showed that the SJ and CMJ values were significantly related with height, weight, breadth, and girth measurements (p<0.01) in male swimmers. On the other hand, no such relationship was found in female swimmers. In conclusion, present study indicated that there were significant differences between genders, with favor results for male swimmers. The determination of anthropometric properties may help the trainers to predict and follow the swimmers' performance.
Introduction
Swimming is all the purposeful movements that an individual makes in order to cover a certain distance in the water (Çelebi, 2008) . As athletes compete in a fluid environment, they have to push a liquid substance instead of a solid to push their bodies forward (Maglischo, 2003) . Water is not a natural environment for humans. For this reason, in order to pass through the water, it is essential to learn to be comfortable and to support natural floating ability. Additionally, it is essential to bring the body to its maximum swimming position with minimum effort, faster than the face (Guzman, 2007) .
Fast swimming is built on efficiency and effect. Efficiency means faster swimming with less effort, and consuming less energy. On the other side, effect means a force produced to move the body from one side of the pool to another side; in other words, the force that was being used effectively. Both concepts are based on the ability to create the force The technique of the style, force, power, and flexibility of the swimmer, a hydrodynamic body position in the water, form level, body type and shape of the swimmer are the factors that affect these skills (Salo and Riewald, 2008) . On the other hand, but similar to the other sports, aerobic and anaerobic endurance, strength, speed, rhythm, coordination, and technical skills play important roles for high performance. Addition to these mentioned determinants; anthropometry is another factor that influence the swimming performance. Certain parameters, such as size of the hands, long arms, large feet, and a wide shoulder diameter are features that must exist in the swimmers (Cicchella et al., 2009; Ayan and Kavi, 2016) .
By determining these qualities with certain measures and directing them to swim at the appropriate age, the coach will prevent time loss by developing appropriate training and they will produce successful elite swimmers (Ayan and Kavi, 2016) . Hence, the purpose of this study was to investigate the anthropometric features, and some bio-motoric properties such as isometric handgrip strength, explosive leg strength, and flexibility in young swimmers. Furthermore, this study aimed to investigate the relationship between anthropometric and biomotoric variables considering the gender differences.
Materials and Methods

Participants
Eighteen male and seventeen female amateur swimmers (mean age = 13.4 ± 2.9 and 12.7 ± 2.2 years respectively) volunteered to participate in this study. All swimmers were member of the same team who had trained at least for 3 days in a week. None of the swimmers had medical history, leg or arm injury, cardiovascular and pulmonary diseases. At the beginning of the study all participants and their parents were informed about possible risks and benefits of the study and written consents were obtained. The study was approved by the local ethical committee and was conducted in accordance with the Helsinki Declaration for experiments involving humans.
Anthropometric data collection
Participants' heights were measured with a stadiometer (Seca, 767) to the nearest 0.1 cm and their weights were measured with an electronic scale (Seca, 767) to the nearest 0.1kg. Skinfold thicknesses (triceps, biceps, pectoral chest, midaxillary, abdominal, subscapular, midthigh, suprailium, supraspinale, and calf skinfold thicknesses) were measured using a skinfold caliper (Holtain, ltd, England) to the nearest 0.2 mm. The average of the three values was used for data analysis. Sum of eight skinfold thicknesses (∑8 skinfolds; triceps, biceps, suprailium, supraspinale, abdominal, subscapular, thigh, and calf skinfolds) was calculated. Body density (BD) of males was predicted using the equation of Jackson and Pollock (1978) , additionally, BD of females was predicted using the equation of Jackson and Pollock (1980) (Formula 1 and Formula 2, respectively), whereas the body fat (BF) was estimated using the equation of Siri (Siri, 1956) Additionally to the mentioned anthropometric measurements, breadth of the distal extremity of the humerus and femur was measured based on standardized procedures (Eston and Reilly, 2009) Furthermore, girth of the hip, waist, and arm (biceps relaxed, and biceps flexed (tensed)) were measured based on standardized procedures ( Eston and Reilly, 2009). All anthropometric measurements were taken by one professional who was assisted by a recorder, additionally all measurements were obtained from the left side of the body.
Flexibility
The sit-and-reach test was applied according to the explained method before (Fagnani et al., 2006) .This test involves sitting on the floor with legs out straight ahead. Feet (shoes off) are placed flat against the box. Both knees are held flat against the floor by the researcher. The swimmer lean forward slowly as far as possible toward a graduated ruler held on the box from -25 to +25, holding the greatest stretch for 2 sec. The researcher had to be sure that there were no jerky movements on the part of the subject and that her/his fingertips remain at the level and the legs flat. The score was recorded as the distance before (negative) or beyond (positive) the toes. The test was repeated twice, and the best score was recorded. This test measures only the flexibility of the lower back and extensibility of hamstring muscles.
Squat jump and Counter movement jump tests
All participants started with a standardized warm-up of 5-7 minute of cycling at 55-60 rpm against no load (894 Ea, Peak Bike by Monark AB, Sweden) and 5-7 minute of stretching. Following the warm-up, subjects rested for 5-min. After a familiarization session (learning the proper techniques of the jump condition) each participant performed three maximal voluntary vertical jumps at each of two testing conditions -Squat Jump (SJ) and Counter Movement Jump (CMJ); and the best value of the three trials was used for further analysis. The SJ was performed from a starting position with the subjects' knees flexed to 90 0 , hands fixed on the hips and with no allowance for preparatory counter-movement. The CMJ was performed from an upright standing position, with the hands fixed on the hips and with a counter movement preparatory phase ended at a position corresponded to the starting position in SJ. Sufficient recovery time was given among trials (more than 2 minutes). The jump heights were measured using a dedicated force platform (Fusion Sport, Old, Australia). For the SJ and CMJ, three parameters were estimated: (1) the maximum jumping height (SJh and CMJh), (2) the difference between CMJh and SJh as explosive strength and (3) the power output (SJpower and CMJpower) value which was determined using the following formula (Rogers, 1990) .
SJpower and CMJpower (kg.m/s) = √4.9 x body weight (kg) x √jump height (m) Formula 4
Handgrip strength
Each participant was given a brief demonstration and verbal instructions for the hand-grip test using the Takei T.K.K.5101 digital hand-grip dynamometer (Takei Scientific Instruments Co. Ltd, Tokyo, Japan). If necessary, the grip opening was adjusted according to the subject's hand size. The test was conducted for both the dominant and non-dominant hand, in standing, with shoulder adducted and neutrally rotated, the wrist, and the elbow in full extension. The dynamometer was held freely without support, not touching the subject's trunk (Koley et al., 2011) . Three trials were allowed with sufficient recovery period and the highest score was recorded in kilograms (kg) as peak grip strength. The body mass was used to determine relative strength expressed in kg/kg (weight).
Statistical analyses
Descriptive statistics were compute for each group and all values were presented as mean ± standard deviation (SD). The normality of distribution of the data was assessed with Kolmogorow-Simirnov test; as final the median values of age and ten skinfold thicknesses were compared between groups using the "Man Whitney U" test. Additionally, the mean values of height, weight, breadth, and girth measurements, ∑8 skinfold thicknesses, BF, jump heights, anaerobic power, flexibility, and handgrip strength were compared between groups using the "independent student t-test". The correlations between anthropometric variables (age, height, body mass, sum of 8 skinfold and body fat percentage) and bio-motoric properties (jump heights, handgrip strength, flexibility, and anaerobic power) was evaluated using the Pearson Product Moment Correlation analysis. All analyses were executed using the SPSS for windows version 18.0 and statistical significance was set at p < 0.05.
Results
The values of physical properties and anthropometric variables of swimmers who participated in the current study are presented in Table 1 . The results indicated that there was no significant differences between groups for age, height, weight, measured ten skinfold thicknesses and ∑8 skinfolds (p>0.05). There was a significant difference between groups for body fat values (p<0.01), with significant higher body fat value in female swimmers. Furthermore, there was a significant difference between groups for breadth values of humerus and femur (p<0.01), additionally, there was a significant difference for girth value of waist (p<0.05).
The mean values of investigated bio-motoric properties (jump heights, the difference between CMJh and SJh, anaerobic power, handgrip strength) are presented in Table 2 . There was a significant difference between groups for SJh and CMJh values (p<0.05 and p<0.01), furthermore there was a significant difference between groups for anaerobic power values calculated by SJ and CMJ values (p<0.05). It has been observed that the values of jump height and anaerobic power were higher in male swimmers. Similar to these findings there were significant differences between groups based on handgrip strength values (absolute and relative strength values) with higher values in male swimmers (p<0.05), except right handgrip strength normalized to the body weight (p>0.05). 
Discussion and Conclusion
The first objective of this study was to compare anthropometric measurements (skinfold thicknesses, height, weight, BF, breadth, and girth) and bio-motoric properties (jump heights, anaerobic power, flexibility and handgrip strength) of male and female swimmers. The second objective of this study was to examine the correlation of bio-motoric properties (jump heights, handgrip strength, flexibility, and anaerobic power) with anthropometrics variables (age, height, body mass, sum of 8 skinfold and body fat percentage). Finally, the findings of the current study were tried to be evaluated with the related literature.
In swimming, physical characteristics, such as body size, structure and composition contribute to a good performance in the water (Mameletzi et al., 2003) . General hypotheses were that swimmers with a higher percentage of body fat would have a better performance than swimmers with lower percentage (Knechtle et al., 2010) . On the other hand, Zampagni et al. (2008) reported that there was an inverse significant relationship between body weight, height, and freestyle swimming time obtained in 50-,100-,200-,400-,and 800-m. In addition, compared to other sports that are characterized by great power production, such as gymnastics, ballet, skating running, and cycling BF levels of swimmers are significantly higher (Mameletzi et al., 2003) . Among swimmers fat provides buoyancy by reducing the energy required to stay on the surface of the water. However, extreme excesses of fat mass will alter the body's contour, mass, and increase the water resistance (Mameletzi et al., 2003) . For this reason, it can be said that anthropometric variables are important for swimming performance. The results of this study showed that there was a significant difference between the groups for BF values (p <0.01), with significant higher body fat level in female swimmers. There was also a statistically significant difference between the groups for breadth values of humerus and femur (p <0.01), and there was also a significant difference for girth value of waist (p <0.05). Knechtle et al. (2010) reported significant differences between anthropometric variables (body height, body mass, length of arm and length of leg percent body fat (%)) between male and female athletes. McLean et al. (1998) indicated that females were found to have significantly higher body fat quantity than males. In addition, males' height and weight values were significantly higher than females. These results are consistent with the results of the current study.
Handgrip is a physiological variant influenced by a number of factors such as age, sex and body size (Koley et al., 2011) . Handgrip strength was significantly higher in the elite swimmers than in controls for 50-and 100-m Freestyle events, thereby, suggesting that a better ability to perform short races is an important parameter to determine (Geladas et al., 2005) . The current study demonstrated that there were significant differences between groups based on handgrip strength values (absolute and relative strength values) with higher values in male swimmers (p<0.05), except right handgrip strength normalized to the body weight (p>0.05). On the other hand, only the absolute handgrip strength values were significantly related with other investigated variables (except jump height values) in female swimmers (p<0.05), and the relative handgrip strength values were not related with them (p<0.05).
SJ and CMJ are widely used tests to measure an athlete's ability to jump. While SJ is used to measure lower body concentric strength, CMJ is used to measure lower body reactive strength (Newton et al., 2006) . The SJ can be used as the most basic functional expression of explosive muscle strength as it requires only concentric activation, while, the CMJ requires moderate eccentric activation followed by high concentric activation, and therefore requires a more complex timing and graduation of the motor units. Thus the SJ can serve as a baseline for the potential of explosive muscle strength and CMJ may indicate development of this potential (Bencke et al., 2002) . Lower limb strength and power is considered an important factor for a successful start in swimming (Benjanuvatra et al., 2007) . As indicated by Bosco et al. (2002) there was a statistically significant gender difference in CMJ and SJ (19% and 25%, respectively). Patterson et al. (2009) concluded that male displayed significantly higher values for relative average power and jump height in SJ than female. Buśko and Gajewski (2011) reported that the male subjects had much better performance than the female subjects of comparable physical conditions did. When consider other sport such as volleyball, Riggs and Sheppard (2009) suggested that there is a significant difference between the male and female beach volleyball athletes for the SJ and CMJ variables, which show that the male volleyball players had a better jumping ability. The findings of the current study are consistent with the literature. Komi and Karlsson (1978) has calculated the total leg force per unit of body weight, and they observed very similar values for males and females. It has been observed that the male swimmers has much better performance than female swimmers of comparable physical conditions, on the other hand, the gender difference in some of the values were insignificant when the results were calculated per body mass (Busko and Gajewski, 2011) . Thus, it can be said that when the gender differences are considered the major contributing factor in force production is greater muscle mass in males. Additionally, Perez-Gomez et al. (2008) indicated that the difference in sprint running performance between sexes may be due to the ability of greater ground reaction forces produced by men, and this may explain the findings of the present study, why the male swimmers can jump higher than female swimmers.
When anthropometric measurements and jump performance were examined, Sheppard et al., (2008) reported that skinfold ratio was moderately correlated to spike jumps and its contribution in volleyball athletes, additionally, the height ratio was correlated to CMJ (r = 0.77; p≤0.01) and spike jump (r = 0.51; p≤0.05). On the other hand, there was no correlation between skinfold values and CMJ (p>0.05). Mayhew and Salm (1990) reported that the anthropometric factors have been shown to effect power production during the Margaria-Kalamen, vertical jump, and standing long jump tests, which are used to evaluate anaerobic power in untrained male and female individuals (mean age = 19.44 ±1.63 and 18.84 ± 0.89 years, respectively). The findings of the current study demonstrated that the SJh and CMJh values were significantly related with some anthropometric variables such as height and weight, also significantly related with breadth and girth measurements (p<0.01) in male swimmers. In addition, there was a significant relationship between SJh and ∑8 skinfold values in female swimmers (p<0.05). For these reasons, an important factor affecting the difference in jump heights in male and female swimming can be based on differences between somatotypes, body composition, and ground reaction force abilities.
In conclusion, the findings of the present study indicated that there were significant differences between genders, with favor results for male swimmers. The determination of anthropometric properties may help the trainers to predict and follow the swimmers' performance.
